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SUMMARY

A rectangular-throat pressure-type cerburetor was lnvestligated
to determine the i1cing chsracteristics of thls part of a large
four-engine bomber induction system. Runs of 15-minute duration
wore made at a simulated low-crulsing gower condition over a range
of cerburetor-air temperatvres from 12° to 100° F with varied moisture
contents to sstablish the limiting conditicns for ths formation of
visible and serious icing. The investigation included icing tests
mede with a standard nozzle bar and an impingling-Jets nozzle bar.

The results shcowed that serious ice did not form in the cardbu-
retor undor the conditions of this investigation, although vislble
1ce was formed on the carburetor nozzle dbar and center rib at
carburstor-air temperatures varying from 12° to 87° F and with
relative humidities as low as 23 percent. Frost was formed on the
forwerd throttle plate during one of the runs. The standard nozzle
bar end the impinging-jets nozzle bar showed approximately the same
1cing characteristics.

Some of the simulated rain that impinged upon the Impact tubes
at the mouth of the carburetor drained into the pressure-meter chamber
and, in a few hours, the quantity collected seriously reduced the
Tuel-air ratio.

INTRODUCTION
Tho investigation of the icing characteristics of a large

rectangular~throat pressure-typse carburetor was comducted at the
NACA Cleveland laboratory at the request of the Air Materiel
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Command, Army Alr Forces. Carburetor lce may consist of eny or all
of three general types: Impact, throttling, and fuel-evaportion ice.
Impact ice 1s formed at intake-alr temperatures’below 320 F when water
impinges on the cold surfacas of the induction gystem. Throttling ice
results from the pseudoedlabatic expansion of comiusiion alr through
the metering venturis and past the throttle plates of tha carburetor,
Fuel-evaporation ice, which probably occurs most frequently in opera-
tion, forms when water in the ailr stream frovezes as the result of the
cooling effect of fuel evaporation and may occur in some installations
at outelde-air temperatures as high es 1C0° F,

Research was underteken to determine the particular lcing char-
acteristics of the carburstor as a unlt, lzolated from the other com-
ponent parts of the alrplane induction eystem. Tosts were conducted
using the stenda:d nozzle bar (fig. l{a)), and an impinging-jets nozzle
bar (fig. 1(b) and (c)) developud by the NACA for the improvement of
fuel distribution. The renge of the Investlgation was limlted by the
capacity of the refrigeratei-air supply to a slmulated low-cruising
power wlth the following epproximate conditlons: horsepower, 1170;
air flow, 8000 pounds per hour; and fuel-alr ratio, 0.0825. Carburetor-
alr temperatures from 12° to 100° F were used with various water con-
tente to determine the limiting-~lcling characteristlcs of the carburetor.
Impact-~icing conditions were not Investlgated because it is belleved
that this type of 1ce would only be formed in ths alrpléane Induction
system ahead of the turbosupercharger and an investigation utilizing
the entire induction system was beyond the scope of the avallable
laboratory equipmoent.

APPARATUS

The carburetor used in this investigation was a hydrometering-
type pressure carburetor with a bottom deck area of 58 square inches
and was lntended for use on an 18-cylinder engine with 3350-cubic-
inch diasplacement. It was mounted on the rear accessory section of
an 18-cylinder englne having a displacement of 2800 cubiz inches in
which the supercharger impeller was driven by an electric dynamometer.
Plastic observation windows were located 1n tne speclally constructed
adapter and in tkhe connectlng duct above the carburetor. All observe-
tions were necescarlly made throuvgh the plastlic wilndows because it was
impossible to remove the carburetor for inspection before the 1ce
accretions had melted. The carburetor installation 1s shown in fig-

ure 2.
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Provisions were avallable for regulating tempersture and flow
of the fuel ard the water used for slmulating rain and for controlling
temperature, humidity, pressure,.and flow.of the refrigerated alr.
A detalled description of this equipment appears In reference 1.

The fuel and water systems were so lnatalled that the liquids
could be bypassed during the lntervale between runms. Thus, the
conditions for each run could be established wlithout encountering
icing before the run was begun. Tuel conforming to specification
AN-F-22 (62 octane) was used throughout the investigation.

Because the maximum cbtelnable alr flow was limited by the size
of the ducts through which the suplly air was drawn, the Investigation
was restricted to a simulated low-crulsing power condiltion.

TEST PROCEDIRE

Previous to the start of each run, the following conditions were
ostablished: alr flow, 8000 pounds per hour'; fuel flow, 660 pounds
per hour; fuol temperature, 40° F; manifold pressure, approximately
32 Inches of mercury absolute; and pressure eltitude at the carburetor
deck, approx.wately 4200 feet. In addition, the desired air tempera-
ture and humidity were also sstablished.

When the conditlons hed stablllized, the fuel and the water were
introduced into tho carburetor and an initial scl cf readings was
recordod; subssyuent readings were taken every 3 minutes for the
duration of the 15-minute run. The following data wore recorded: air
flow, fuel flow, dry-bulb temperature and dow-point temperature of
the entering alr, corburotor top-deck press.are, manifold pressure,
pressure drop across the carburetor, cerburetor metering-suction
differontial, fiel temperature, and suparcharger-outlet temperature.
Vhen rain was simulatod, the water flov and temperature werc also
recorded. At the end of each run, the carburetor was carefully
inspected for the presence of ice before and after fuel injection
was stopped.

RESULTS AND DISCUSSION

The results of thls invostigation showod that the standard and
the 1mpinging-jets nozzle bars have approximately the same lcing
characteristice. The data are plotted om coordinates of carburetor-
alr temperature end water content in figure 3 and on coordinatos of
carburetor-air enthalpy and water content in figure 4. The curves
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define the approximate limiting conditions for the formation of
vigitle fce of only the fuel-evaporatlon type. Vielble ice was
formod &% carburetor-alr temperatures ranging from 12° %o 87° F and
with relative humliditlies as low a3 23 porcent. .

No serious lcirg of the carburetor was encountered during this
investigation. DBecause severe ice accretlons accumulatod rapldly In
the air pessrge bel.ow the carburetcr, full 15-minute leing ruus could
nct be made ot low temperatures with hizh water cortents. Serlous
ice mizht Lave been foimod In the carburetor at temperatures belotwr
40° F writL weter cortents in excess of saturetion.

Tith oao excention, &ll carburetur-ice foirmations vccurred on
the nornzlse bar ard on the suppmivirg riv that extends fiom front to
rear across the middle of the carhurotor. Tko ice Tormatlors
incroaned from a rolatively thin Jleyosr on the top of the nozzle bexr
and giles c¢f tho r.b o o maxlnm thickaess ¢f aporoximately one-Lalf
inci: on tne bottem surfaces. A characteristic ico formatlon on the
nczzlo bar is ancwm In the schetatlic dlagranm of tle carburstor
(fiz;. 5). Tro heavioot ice was encombnied with hilgl: molsturo con-
tents cver a range o. teuperatires from 3C° to 49° F,

A% tle ord of ono run theve wes & very light coating of fiost
on tho forward throttic plate. It wap observed thut ico, vhich was
brilt up on tke totiom of the nozzle Lar to a thlclnuss of &bovt ono~
half Incih, caused “he fuel spray o be dofloctod outwerd. A very
cma’l wortion of itho Tusi was »robably carrvicd uvpward by tiac turbulont
elr borozath the throttie nlates wior: tao resultant cooling dnu to
fuol ovanuralion cavsed the foiratlon ol light frost.

A run =X sovortl lours'! duiation was altempted So dotermine
vhosler sori~ue ic> formatione could be bulit upr in tho carburctor
¢uring oxtondecd poricis of operetion. s tShe end of 45 minuvtes,
howuver, She ico on tiac suraing vancs &b tiac supoercnarger inlet had
bocomro 50 Zoavy that 1t was noccssery to termilnato tho “est. Only a
vory suell amcunt of lco was vigibplo ¢n tko carburetor nuzzlo bar.

Hoar tas oné ol tuo Invesbigation of the standard nczzlo bar,
tho flcw ~f Tuol tirowzh tho cnrburotor could nct be raintainsd ard
& svbacquont Flew-tonsh ckesk showoed that the carburotor moborinsg
waa foir bolov tiaec winimum specifizeticns. Discsscobly »f ko carbu-
rc¢hor revealod ihat aprroximetsly €O cubic centlimetors of wator had
accumalated in tho rrossuro motoring systvem. At Sho timeo this
diTficulty occurrod, & total  oT sovon 15-rinvte runs bad becn mado
vsing slmmlated raln et on avoregs injection rato of 200 grems nor
minuto. During the Inveatigation of thiz luninging-Jots nozzlo barw,
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only one l1l5-minute run was made using simlated-rain injJection. When
the carburetor wes checked at the completion of the- investigation,
approximately 9 cubic centimeters of water were drained fraom the
pressure meter.

Water apparently entered the impact tubes located across the
top of the carburetor and draimed throvgh the connecting passage to
the pressure meter (fig. 5). No draina are provided in the metering
system of the carburetor; consegquently, water collected 1n the
preasure moter and fuel metering was affected. It 1s not antlci-
pated that-this characteristic ot the carburetor will be hazardous
in the operation of the alrplane because leakage of ingested rain
from the ducting, collection in the intercooler, and vaporization
in the turbosupercharger should prevent any water from reaching
the carburetor.

SUMMARY OF RESULTIS

The followlng results are appllcable only to the large
rectangular-throat pressure-type carburetor when operated at a
simulated low-crulsing power conditlon over a range of carburetor-
alr temperatures from 12° to 100° F with varied moisture contents:

l. Visible ice was formed on the carburetor nozzle bar and center
rib at carburetor-air temperatures varying from 12° to 87° F and with
relative hmidities as low as 23 percent-

2. Ice dl1d not form in the carburetor in gquantities large enough
to adversely affect englne operation within 15 minutes.

3. Frost was formed on the forward throttle plate during one of
the runs.

4. A standard end an impinging-jets nozzle bar had approximately
the same icing characterilstics.

5. Scme of the water that impinged upon the mouth of the
carburetor impact tubes drained into the pressure-meter chamber
and 1n a few hours the quantity collected seriously reduced the
fuel-eir ratic.

Lircralt Englne Research Laboratory,
National Advisory Committee for feronautics,
Cleveland, Ohio.




NACA MR No. E6Gl1

REFERENCE

l. Mulholland, Donald R., Rollin, Vern G., and Galvin, Herman B.:
laboratory Investigation of Icing in the Carbwretor and Super-
charger Inlet Elbow of an Aircraft FEngine. I - Description
of Setup and Testing Technique. NACA MR No. ESL13, 1945.



ta) " st

a

A e s S P R T

dard nozzle bar, full bottom view.

A

Figure |. - Nozzle bars used in carburetor icing investigation.
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Figure 2. - Rear view of installation used for carburetor investigation,
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Figure 3. - Limiting icing conditlions of temperature and water content at low-
cruising power. Rectangular-throat pressure-type carburetor; air-flow rate,
8000 pounds per hour; fuel-air ratio, 0.082; pressure altitude at carburetor
deck, 4200 feet.
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Figure 4. - Limiting icing conditions of enthalpy and water content at low-
cruising power. Rectangular-throat pressure-type carburetor; air-flow
rate, 8000 pounds per hour; fuel-air ratio, 0.082; pressure altitude at
carburetor deck, 4200 feet.
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diagram of large rectangular-throat pressure-type
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Figure 5.

carburetor,
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